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This invention relates to recovering ?nely divided sol 
ids from ?uids. 

In ?uidized solids processes where ?nely divided sol 
ids are contacted with ?uids, the efficiency of the sep 
aration and recovery of the ?nely divided solids from 
the process ?uids is of great economic importance. In 
such processes as catalytic cracking, hydroforming, cok 
ing, ore reduction and catalytic processes generally where 
?nely divided solids are used, it is essential to remove as 
much solids as possible from the gaseous ?uids being dis 
charged from the reaction zone or from the regenerator 
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or burner into the atmosphere, both from a pollution ' 
angle and the retention of solids such as catalysts in 
the system. . 

In addition, in the proper functioning and most effi 
cient operation of a ?uidized solids system, such as cata 
lytic cracking or hydroforming, it has been found neces 
sary to maintain a certain amount of extremely ?ne par 
ticles in the ?uid catalyst bed both in the reactor and the 
regenerator in order to obtain the most e?icient contact 
ing between the ?uids and the solid particles. Also, it 
is essential to maintain a certain amount of ?ne par 
ticles in the circulating catalyst system to attain e?i 
cient and smooth operation of the unit. 
As a speci?c process example ?uid hydroforming will 

be referred to, as the present invention is especially 
adapted for use with hydroforming. However, the in 
vention is not to be restricted thereto but is also appli 
cable to catalytic cracking, coking and other hydrocar 
bon conversion processes as Well as other processes us 
ing ?nely divided solids. In hydroforming, hot naphtha 
vapors at a temperature between about 900°’ F. and 
1025° F. and hydrogen-containing gas at a temperature 
between about 1050° F. and 1200° F. are passed up 
wardly through the reactor at a velocity of about 0.3 
to 1.5 feet per second under an operating total pressure 
of between about 100 p.s.i.g. and 750 p.s.i.g. to form a 
?uidized bed of catalyst particles as is well known in the 
art. The converted vapors pass into a dilute phase above 
the dense ?uidized turbulent bed and contain entrained 
catalyst particles. The converted vapors are passed through 
a series of dust separating devices such as cyclone sepa 
rators or the like for separating solids or dust from the 
converted vapors and for returning the solids or dust to 
the ?uid bed in the reactor. Two, three or more cy 
clone separation stages may be used. 

Heretofore, it has been the practice in the design and 
construction of cyclone type or centrifugally actuated 
separation devices, that when two or more such separa 
tion stages are utilized, the gas or vapor velocities through 
a series of such stages were equal or substantially equal. 
Thus, the dust separators of these stages were approxi 
mately all of the same size, an arrangement that has been 
commonly employed for simplicity’s sake and concern 
regarding erosion of the dust separators because of the 
dust-laden gas or vapor, and attrition of the solid par 
ticles in their passage through the solids or dust recov 
ery system. ' ~ 
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In some installations using ?nely divided catalyst, elec 
tric precipitators such as Cottrells were used as a sec 
ondary recovery system after the mechanical cyclone 
separators to recover dust or ?nely divided material, but 
such precipitator systems are expensive and dil’?cult to 
maintain in continuous operation. As a result many of 
the newer installations have eliminated such expensive 
secondary solids recovery systems as Cottrells. How 
ever, it has been found in ?uid catalytic cracking and 
hydroforming that it is necessary to maintain a certain 
amount of ?nes in the 0 to 40 micron particle size range 
to obtain proper ?uidization of the catalyst particles, in 
creased standpipe stability and pressure build up, im 
proved catalyst circulation and better contacting between T 
the gaseous ?uids and the catalyst particles in the re 
actor and regenerator. In some cases in order to main 
tain the proper amount of ?nes, the addition of special 
?ne grade fresh catalyst to the unit or removal of coarse 
catalyst from the unit which would be ground and re 
turned to the unit would be employed. However, such 
practice because of poor ?nes recovery equipment would 
result in high ?nes losses and undue operating costs. 
A further relationship exists between the ?nes vcontent 

and entrainment of solids from a ?uidized solids bed, 
namely an inverse relationship. Thus, a high ?nes con 
tent between about 10 percent and 30 percent or more 
by weight reduces entrainment of ?nes into the cyclone 
separators. This reduced loading of solids into the cy 
clone separators, as well as the smaller particles sizes 
results in reduced equipment erosion. For this addi 
tional reason it is desired to maintain about 10 to 30 
percent by weight of 0-40 micron ?nes in the system. 
In commercial units the 0-40 micron fractionris com 
posed chie?y of 20 to 40 micron particles. 

It is known that, in using a series of dust separators 
such as cyclone separators, the coarsest solids or cata— 
lyst particles separate out in the ?rst separation stage, 
the less coarse or ?ner solids separate out in the sec 
ond separation stage and the ?nest recoverable solids 
separate out in the third separation stage. If a Cottrell is 
used following the cyclone separation stages, the solids re 
covered are extremely ?ne usually being below about 
20 microns in size depending, of course, on the collection 
e?iciency of the latter. 
As pointed out above the present invention is especially 

adapted for use in ?uid hydroforming to give better re 
actor operation. For example, comparing catalytic 
cracking with hydroforming, the catalytic cracking re 
actor tends to be more e?icient in gas or vapor-catalyst 
contacting than the hydroforming reactor. One diifer 
ence is in the construction and operation of the crack 
ing units in that ‘the oil to be cracked is mixed with hot 
regenerated catalyst and passed through a turbulent riser 
or transfer line with completion of the cracking or re 
action in an agitated ?uid dense bed. In the cracking 
reactor the catalyst holdup is usually not more than one 
to three times the unit catalyst circulation rate (tons per 
minute) and often much less. In contrast, the ?uid 
hydroforming reaction takes place entirely within the re 
actor vessel and one in which a large catalyst holdup 
is involved, usually about 100 times the unit catalyst 
circulation rate. 
Thus in catalytic cracking, the catalyst movement by 

itself contributes greatly to the contacting e?iciency. On 
the other hand, in ?uid hydroforming, the contacting 
efficiency in the reactor vessel is promoted chie?y by 
effectiveness in gas distribution and the passage of the 
gas or vapor upwardly through about 40 feet of catalyst 
bed depth. It has been found that increase in fines con 
tent of the circulating catalyst increases the e?iciency of 
the ?uid hydroforming unit, especially at ?nes levels be 
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low about 10 to 15 percent. However, it is also impor 
tant in ?uid catalytic cracking to maintain a certain 
percentage of 0-40 micron material in the catalyst mix 
ture but the overall reaction ef?ciency is not as sensitive 
on this as is the ?uid hydroforming reactor. However, 
for smooth and larger rates of ?uidized solids transfer 
and good standpipe pressure buildup and stability in all 
?uidized solids processes, the need of a certain content 
of ?nes is essential. 

According to the present invention, a ?uidized solids 
recovery system is provided for units where the value 
‘of the catalyst particles is high, where air pollution is 
an important factor and in all ?uidized solids systems 
using ?nely divided solids where it is essential to main 
tain a certain amount‘ of ?nes or ?nely divided solids in 
the system to maintain proper ?uidity of the solids and 
e?icient contacting of the gaseous ?uids and solids in the 
reaction zone or zones. 

9,934,119}. 
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According to the present invention, provision is made 
for increasing the velocity of the gaseous ?uid passing 
through the ?nal stage of a dust recovery system used in 
?uidized solids processes. More speci?cally the second 
or ?nal dust separator such as a cyclone separator is 
selected to have a vapor or gas velocity about 50 percent 
or more greater than that of the ?rst stage cyclone sep 
arator. The higher cyclone velocities so obtained will 
advantageously secure enhanced solids ?nes recovery in 
the last stage of cyclone separators. 
manner of accomplishing this result in a catalyst recovery 
system is to make the last stage cyclone separator of a 
smaller size than the ?rst stage or earlier stage cyclone 
separators. 
Where the gaseous ?uid containing the finely divided 

solids is to be recovered or is a waste product and where 
there is no chance of upsetting operation of a unit in 
which ?nely divided solids are used, other ways of in 
creasing the inlet velocity of the gaseous ?uid being 
passed into the cyclone separator inlet may be used, as 
for example, introducing an extraneous gaseous ?uid 
such as steam, for example, into the cyclone separator 
inlet to increase the velocity of the gaseous suspension 
being introduced into the last stage cyclone separator. 

In the drawings, 
Fig. 1 represents a front elevation of an apparatus 

useful for hydroforming with parts in section to facili 
tate the disclosure; 

Fig. 2 represents a front elevation of another form 
of apparatus adapted for practicing the present invention 
with parts in section; ' 

Fig. 3 represents a front elevation of a primary cy 
clone separator; 

Fig. 4 represents a top plan view of the separator 
shown in Fig. 3; and 

Figs. 5 and 6 represent a front elevation and a top 
plan view, respectively, of a secondary or tertiary cyclone 
separator. 

Referring now to Fig. l of the drawing, the reference 
character 10 designates a reaction vessel and reference 
character 12 designates a regeneration vessel adapted 
for use in ?uid hydroforming. Reaction vessel 10 has a 
reduced upper portion 10a and a larger diameter lower 
portion 10b. The apparatus shown in Fig. 2 is especial 
ly adapted for use in ?uid catalytic cracking of hydro 
carbons and embodies the present invention. 
The reactor 10 is a vertically arranged cylindrical ves~ 

sel into which hot regenerated, ?nely divided catalyst is 
passed through line 14 provided with a control valve 16. 
The feed to a hydroforming unit is preferably a virgin 
naphtha feed boiling between about 200° F. and 430° F. 
but other fractions may be used. Other naphthas such as 
cracked naphthas or coker naphthas or the like may be 
used. The naphtha feed is passed through line 18 and 
furnace 22 to heat the naphtha feed to a temperature 
between about 750° F. to 1050° F., preferably about 
900° F. to 1000° F. The heated naphtha under a pres 
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sure of about 100 to 750 pounds per square inch gauge, 
preferably about 200 to 400 p.s.i.g., is passed through 
line 24 into the bottom of the reactor below distribution 
grid 26 which is located in the lower part of the reactor 
10. The grid 26 is arranged horizontally. 
Hydrogen or hydrogen-containing gas is introduced 

through line 28 and heated in the furnace 32 to a t€-1 - 
perature between about 1050° F. and 1200“ F., prefer 
ably about 1075° F. to 1150° F., and the heated gas is 
passed through line 34 and into the bottom of the reac 
tion vessel 10 below grid 26. The hydrogen-contain 
ing gas is at a pressure between about 100 to 750 p.s.i.g., 
preferably about 200 to 400 p.s.i.g. The amount of hy 
drogen used is between about 3000 and 8000 cubic feet 
per barrel of feed. The naphtha vapors and the hy 
drogen-containing gas pass upwardly through the hori 
zontal grid 26 and ?uidize the ?nely divided catalyst 
shown as a bed 36 having a level indicated at 38. The 
?nely divided catalyst particles are maintained in a 
dense, ?uidized condition by the gaseous ?uid ?owing 
upwardly at a super?cial velocity between about 0.3 and 
1.5 feet per second. The catalyst to‘ oil ratio by weight 
may be between about 0.5 and 5.0‘. 
The hydroforming reaction is carried out under pres 

sure in the'presence of any well known hydroforming 
catalyst such as alumina-molybdena, alumina-chromia, 
alumina-platinum type catalysts and the like, preferably 
alumina rnolybdena. The catalyst is in ?nely divided 
form and has a particle size range between about 0 and 
150 microns, with most of the particles in the range be 
tween about 20 and 80 microns. It has been found that 
in order to have good gas-solids contacting and good 
?uidization and circulation of the ?uidized catalyst par 
ticles, that there must be present at least about 10 per 
cent by weight of ?nes in the catalyst mixture, the cat 
alyst ?nes having a particle size between about 10 and 
40 microns. Preferably, the range of 10 to 40 microns 
size catalyst in the catalyst mixture is between about 
10 and 30 percent of the catalyst mixture. 
The hydroformate vapors and gas pass upwardly from 

the dense ?uidized bed 36 into dilute phase 42 above the 
dense bed level 38, the dilute phase comprising a rela 
tively dilute suspension of catalyst solids in the hydro 
formate vapors and hydrogen gases. In order to remove 
the entrained catalyst particles from the hot hydrofor 
mate vapors, the hydroformate vapors and hydro 
gen-containing gas are passed through inlet 44 into 
a dust separating means 46 shown in the drawing as a 
cyclone separator. The solids removed or separated are 
returned to the dense bed 36 through dip leg 48. Ar 
ranged below the outlet end of dip leg 48 is a splash 
plate 52 or other sealing device. T he ‘hydroformate vapors 
and gases leave the ?rst cyclone separator 46 through 
line 54 and are passed to a second dust separating means, 
such as a cyclone separator 56. The separated solids 
are returned to the dense ?uidized bed through dip leg 
58 associated with the second cyclone separator 56. Ar 
ranged below the outlet end of dip leg is a second splash 
plate 62. 
The hydroformate vapors and gases leaving the sec 

ond cyclone separator through line 64 still contains some 
very ?nely divided solids and in this form of the in 
vention they are passed to a third separating means 
which is shown as a cyclone separator 66. in the drawing. 
Cyclone separator 66 is provided with a dip leg 68 for 
returning separated solids to the dense bed 36. Arranged 
at the bottom of the third dip leg 68 is a cup-shaped 
seal pot 72 or other seal device. The third cyclone 
separator will be presently described in greater detail. 
The hydroformate vapors and gases leave the third 

cyclone separator 66 through line 74 and are passed to 
plenum chamber 76 having an outlet 78 for conducting 
the hydroformate vapors and gases to a fractionating 
means (not shown in the drawing). During the hydro 
forming reaction there is net production of hydrogen 
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and some of this excess hydrogen is removed from the 
gases leaving the fractionating means and further con 
centrated, if desired, to make a hydrogen-containing gas 
containing about 40 to 80 percent by volume of hydro 
gen which is preferably recycled to the furnace 32 for 
reheating and for reuse in the hydroforming reactor 10. 

Returning now to the cyclone separation system of the 
?uid hydroformer, in previous operations high velocities 
of the gases passing through the cyclone separators have 
been avoided chie?y because of possible attrition of the 
expensive catalyst and the eroding action of the solids 
suspended in the hydroformate vapors and gases. This 
is especially true of the heavy loading of coarse solids 
going to the ?rst cyclone separator. Further, it is known 
that the ?rst cyclone separation stage removes the largest 
catalyst particles and the separation e?iciency of cyclone 
separators is limited to the extent that they recover 
very little in the particle size range up to about 20 to 40 
microns. Hence, with ordinary cyclone separators where 
the inlet linear velocity to the cyclone separators is below 
about 60 feet per second, there is substantially no re 
covery of the very ?nely divided solids below about 30 
to 40 microns and these particles are lost from the sys 
tem. If the 0 to 40 micron particle size catalyst is lost 
from the system and not replaced in some way, poorer 
operation results-because the fluidization'of the catalyst 
particles is not as good as it should be, there is ine?icient 
contacting between the vapors and gases and catalyst 
particles, and poor unit operation in general is obtained. 

According to this invention, the catalyst recovery sys 
tem is designed to recover more of the 0 to 40 micron 
size catalyst particles and this is done by going contrary 
to the known teachings in the art, namely, that increas 
ing the inlet linear velocity of the suspension passing 
through the cyclone separators would result in erosion 
of the separators and attrition of the catalyst and would 
perhaps give no better solids recovery. However, as 
pointed out above, the largest catalyst particles are re 
moved by the ?rst cyclone separator 46 so that the hydro 
formate vapors and gases passing into the latter stages 
of the cyclone separators contain smaller size particles. 
Because the suspension going to the last separation stage 
has a lower solids loading and also contains smaller 
size particles, a greatly enhanced vapor velocity for the 
?nal cyclone stage is utilized and has resulted in the 
recovery of a much greater percentage of ?nes than was 
heretofore possible. ' 

Using a higher velocity with the much ?ner material 
protection against erosion is obtained by the tendency of 
the extremely ?ne particles to cling to the surfaces of the 
cyclone separators. According to the speci?c form of 
the invention, the velocity of the hydroformate vapors 
and gases passing through the last stage cyclone separator 
66 is increased 50 percent or more over that of the ?rst 
stage cyclone separator 46. In this particular form of 
the invention, the increase in velocity is obtained by 
using a smaller cyclone separator in the last stage. For 
example, if the vapor velocity in the ?rst stage of cyclone 
separators is'between about 60 and 70 feet per second, 
the higher velocities taught by the present invention are 
at least v90 to 105 feet per second. In some cases the 
enhanced velocity may be as high as 200 percent greater 
than that of the ?rst cyclone stage. 

Returning now to the hydroforming reactor 19, dur 
ing the hydroforming reaction some carbon or coke will 
be deposited on the catalyst particles and the partially 
spent or coked catalyst particles are withdrawn from the‘ 
hydroforming reactor 10 through vertically arranged with 
drawal line 82 which extends above and below the hori 
zontal grid 26. The spent or coked catalyst particles are 
stripped while they are being withdrawn by introducing 
an inert gas such as recycle gas, ?ue gas, or steam 
through one or more lines 84 for removing volatile or 
entrained hydrocarbons. If necessary, a line or lines 
86 may be provided for introducing ?uidizing gas into 
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the withdrawal line 82 which functions as a standpipe to 
build up pressure by a ?uidized column of the solids 
being withdrawn from the reaction zone 10. The with 
drawal line or standpipe 82 is provided with a control 
valve 88. Air for combustion is introduced through 
line 92 into transfer line 94 below the valve 88 in stand 
pipe 82 for mixing with the coked or partially spent cata— 
lyst for passage through the transfer line 94 to the re 
generator 12 below the horizontally arranged grid 96 in 
the lower portion of the regenerator 12. The grid 96 
may be omitted if desired. 
The super?cial velocity of the up?owing gas to ?uidize 

the catalyst particles is between about 0.3 and 1.0 foot 
per second. The dense, ?uidized bed 98 has a level 
indicated at 102, with a dilute phase 104 thereabove. 
The hot combustion gases containing some entrained cata 
lyst pass into the dilute phase 104 and are passed through 
a series of three cyclone separators similar to those shown 
in reactor 10. The hydroformer regenerator 12 will be 
much smaller in size than reactor 10 and the cyclone 
separators in the regenerator 12 are usually smaller than ' 
those in the reactor 10. 

However, the primary cyclone separator 105 and sec 
o'ndary cyclone separator 107 are substantially the same 
size, whereas the tertiary cyclone separator 109 is a 
much smaller size than the primary or secondary cyclone 
separator, so as to increase the linear vapor velocity of 
the gases entering the tertiary cyclone separator 109 to 
at least 50 percent greater than that in the inlet to the 
primary cyclone separator 105. The cyclone separators 
are provided with dip legs 112 and sealing devices 114 
and 116 which are similar to those shown and described 
in connection with the reactor 10. The hot combustion 
gases leave the tertiary cyclone separator 109 through 
line 118 and pass to plenum chamber 120 and then 
through valved outlet 122 to the atmosphere. 
The temperature during regeneration in the regenera 

tor 12 is between abo'ut 1000° F. and 1200° F. and the 
pressure is between about 100 and 750 p.s.i.g., preferably 
between about 200 and 400 p.s.i.g. Hot regenerated 
catalyst is withdrawn from the dense ?uidized bed 98 in 
the regenerator 12 through inclined line 14, as above 
described, and introduced directly into the dense ?uidized 
bed 36 in the reactor 10. If desired or necessary, a line 
124 is provided for maintaining the hot regenerated 
catalyst particles in a ?uidized condition while they are 
passing through line 14. Further, if desired, the regener 
ated catalyst before being introduced into the reactor 10 
may be treated with hydrogen-containing gas to reduce 

. the molybdenum compound of the molybdena-alumina 
catalyst to the active valence state. 

Referring now to the unit shown in Fig. 2, the refer 
ence character 150 designates a reaction vessel and the 
reference character 152 designates a regeneration vessel. 
The unit shown in Fig. 2 is especially adapted for use in 
the catalytic cracking of hydrocarbons such as gas oils 
to produce gasoline. However, other feed stocks such 
as naphthas, residual oils and the like may be used. 
The reactor 150 comprises a vertically arranged cylindri 
cal vessel provided with a grid member 154 arranged 
centrally in the vessel and above cone 156 in the bottom 
portion of the reactor 150. A transfer line 158 leads 
to the space in the cone 156 below the grid member 154. 
The oil to be cracked is introduced through line 162 
into the transfer line 158 into which hot regenerated 
catalyst is passed from standpipe 164 by control valve 
166. The oil feed is preferably preheated in any suitable 
manner to a temperature between about 350° F. and 
800° F. The catalyst is any suitable cracking catalyst 
such as silica-alumina, silica-magnesia, silica-alumina 
magnesia, acid-treated bento‘nitic clays, and so forth. 
The catalyst is ?nely divided and has a particle size 

between about 400 and 100 standard mesh or ?ner, or 
between about 10 and ‘150 microns with the major por 
tion of the catalyst being between about 20 and 80 
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microns. In. order to obtain most ef?cient ?uidization 
of the ?nely divided solids, it is essential to have the 
catalyst mixture contain at least about 10 percent by 
weight of 10 to 40 micron size catalyst particles. Pref 
erably the catalyst mixture should contain between about 
10 and 30 percent by weight of the 10 to 40 micron cata 
lyst. The super?cial velocity of the hyrocarbon vapors 
passing upwardly in the bottom portion of the reactor 150 
?uidizes the catalyst particles and forms a dense turbu~ 
lent ?uidized bed 168 having a level 172 with a dilute 
phase 174 thereabove. The dilute phase 174 is a dilute 
suspension of solids in gaseous reaction products. 
The temperature during the cracking operation in the 

reactor 150 is between about 850° F. and 1050° F. and 
the temperature during the regeneration in the regener 
ator 152 is between about 1000“ F. and 1200° F. The 
catalyst-td-oil weight ratio being fed to the reaction zone 
150 through line 158 is between about 5 and 20 and the 
reactor space velocity (w./hr./W.) weight of oil per hour 
per weight of catalyst is between about 0.5 and 60. 
The super?cial velocity of the hydrocarbon vapors 

and any added steam passing up through the reaction 
zone 150 is between about 0.5 and 10 feet per second. 
In this velo'city range and using commercial silica-alumina 
cracking catalyst containing about 13 percent alumina, 
the density of the catalyst bed 168 will be between about 
30 and 5 pounds per cubic feet. The up?owing cracked 
vapors in the dilute phase 174 contain entrained catalyst 
which is separated by passing the vapors through a dust 
separator such as a cyclone separator 176 having an 
inlet 178 and a dip leg 132 for returning the separated 
catalyst particles to below the level 172 of the dense 
turbulent ?uidized bed 163. A splash plate 184 or the 
like is provided below the outlet of dip leg 182. In 
this form of the invention only two stages of cyclone 
separators are used, but more stages may be used if 
desired. 
The cracked vapors leave cyclone separator 176 through 

line 186 and pass through a second stage separator such 
as a cyclone separator 188 provided with a dip leg 192 
and a sup-shaped seal pot or the like 154, arranged in 
the dense ?uidized bed 168 in the reactor 150. The 
cracked vapors leave the cyclone separator 18?) through 
line 196 to a plenum chamber 198 and then leave the 
top of the reactor 150 through line 202. The cracked 
vapors passv through line 202 to suitable separation 
equipment (not shown) such as a fractionator for sepa 
rating the cracked products into desired products such 
as gasoline, heating oil, etc., and for separating higher 
boiling fractions for recycling to the reactor if desired. 
As above pointed out, it is essential in order to obtain 

proper ?uidizatio‘n of the ?nely divided catalyst particles 
to maintain a certain percentage of 0 to 40 micron size 
material in the catalyst mixture which circulates between 
the reactor 150 and regenerator 152. Provisions are 
made in the form of the invention shown in Fig. 2, in 
which the linear inlet velocity to the last cyclone sepa 
ration stage is increased at least 50 percent over the inlet 
linear velocity into’ the ?rst cyclone separation stage 176 
through inlet 178. In the preferred form of the inven 
tion this increase in velocity is obtained by selecting a 
smaller size of cyclone separator 188 and thereby increas— 
ing the velocity of the gaseous ?uid passing through the 
cyclone separator 188. 

During the cracking operation in the reactor 150, coke 
or carbonaceous material deposits on the catalyst particles 
and in order to operate the process continuously ‘and 
economically, it is necessary to regenerate the catalyst 
particles as by burning with air or other oxygen-contain 
ing gas to remove the carbon or carbonaceous deposit. 
The spent catalyst particles as a dense ?uidized mixture 

flow down through stripping section 204 where entrained 
or entrapped volatile hydrocarbons are stripped from 
the catalyst and pass up into the reacto'r 150. Stripping 
gas is introduced into the stripping section 204 by one 
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or more lines 206._ From the stripping‘ section the 
stripped catalyst mixture ?ows down into standpipe 208 
provided with one or more ?uidizing lines 210 for intro 
ducing aerating gas into the standpipe 208. 
The standpipe 208 is provided with control valve 212 

for controlling the amount of spent catalyst introduced 
into transfer line 214 leading to the bottom of the regen 
eration zone 152. Regenerating gas such as compressed 
atmospheric air is introduced into transfer line 214 
through line 216 and this mixture is introduced into the 
bottom portion of the regeneration zone 152 below hori 
zontally arranged distribution grid 218 arranged in the 
bottom portion of the regeneration zone 152. 
The super?cial velociy of the up?owing regenerating 

gas in regeneration zone 152 is between about 0.5 and 5 
feet per second and is so selected to form the dense 
?uidized turbulent bed 220 of solid ?nely divided catalyst 
particles above the distribution grid 218. The dense 
?uidized bed 220 has a level indicated at 222 and a 
dilute phase 224 thereabove. While only two stages of 
separating devices are shown in the reactor 150 and the 
regeneration vessel 152, the invention is not restricted 
thereto as two or more stages of separating devices may 
be used. 
As shown in the regeneration vessel 152, there are two 

sages of cyclone separators which are of substantially 
the same size. The ?rst cyclone separator is designated 
226 with an opening 228 and the second cyclone separator 
is designed 230. Line 232leads from the ?rst cyclone 
separator 226 to the second cyclone separator 230. The 
cyclone separators are provided‘ with dip legs 234 and 
sealing devices 236 and 238 which are similar to those 
described in connection with the reactor 150. The hot 
regeneration gases from the second cyclone separator 230 
are passed to plenum chamber 240 and then pass out to 
the atmosphere through valved exit line 242 from the top 
of the regeneration zone 152. 

in order to increase the e?iciency of the second cyclone 
separator 230 and without reducing the size of the cyclone 
separator, as was done in the other form of the inven 
tion, an extraneous gas such as steam, is introduced into 
the second cyclone separator 230 by line 244 in a suf?cient 
amount to increase the inlet linear velocity to the second 
cyclone separator 230 at least about 50 percent more 
than that in the ?rst cyclone separator 226. Where the 
linear inlet velocity, in the ?rst cyclone separator 226 is 
about 70 feet per second, the inlet velocity through the 
second cyclone separator 230 will be at least about 105 
feet per second and because of this increase in velocity in 
the second cyclone separator 239, the amount of 0 to 40 
micron catalyst particles separated from the gases will be 
effectively increased. 

Regenerated catalyst overflows from the dense ?uidized 
bed 220 in the regenerator vessel 152 into the standpipe 
164 above referred to. The standpipe 164 is preferably 
provided with aerating line or lines 246. 

In a speci?c form of the invention, with an apparatus 
like that shown in Fig. 1, the reactor vessel 10 had a 
lower diameter section 10b of about 21.5 feet and the 
length of this section was about 54 feet, with about 46.5 
feet of dense bed depth in section 10b. The upper smaller 
section 10a had a diameter of about 14 feet and a swage 
section between 10a and 19b of 6.5 feet. The upper 
section 10a had a length of about 31 feet. The tempera 
ture during hydroforming was between about 950° F. and 
955° F. The catalyst was alumina-molybdena catalyst 
containing about 9 percent molybdena. The size of the 
catalyst particles was as follows: 

Percent by weight 
0 ~20 microns ____________________________ __ 0 

20 -40 microns ____________________________ __ 10 

40 -80 microns ____________________________ __ 72 

80+ microns ____________________________ __ 18 

Five sets of three unlined cyclone separators were 
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arranged in the smaller diameter portion 10a of reactor Table I 
vessel 10. The primary and secondary cyclone separators 

. in each set had an inlet velocity of about 43 feet per 
second, and the tertiary cyclone separator in each set had Ben“ Using‘ After Using 

. . This Inv t' h an inlet velocity of about 56 feet per second. 5 en “m T “Invention 

In M8 specific example Ducon cyclone separators were Field Test NO _____________________ __ A B 0 D 
used. The prunary and secondary separators of each set ' ' 

m the reactor 10 were_number BSDC “?lmed Ducon Fresh Feed Rate, b./d _____________ __ 13,733 14,433 15,250 14,10 
separators and the tertiary of each set was a number gflavltst'. °.~tPiI__-1._(‘._.t_._._ 59.5 59.1 58.3 58.4 

- - - arac erizat on ac or___ ____ 12.024 12. 014 11. 989 12.006 IZSDC unhneq Ducon separator- In thls Pafllcular 10 Total Feed Rate_ bJd ______________ __ 16,458 13,331 16,305 16,635 
example the third cyclone separator of each stage was gatalsglt, 2(()J—4O(l1VIg:rons,%byWeight_ 3.0 3.0 11.0 9.0 

para g on 1 OHS! smaller than the secondary cyclone separator of each Reactor Average Temp_yoF___~_ 977 970 4 950 
stage but this was done for convenience to ?t the cyclone Regen. Avg. Temp, ° F _______ -. 1,133 1,130 1,104 1,106 _ 

separators into the smaller upper diameter portion 10a Rf§?°tl?°%a_s_'E’ff‘1'_f‘£§?‘fcf‘ff_ 1 104 _ _ _ _ u 1 085 1 068 

of the reactor vessel 10. It will be noted that the increase 15 lg?phtlhacgniegléempqglg‘ ----- -- 8,3040 7 291 {988 'QSO 
. - - - - _ ecyce as ae,s.c.. ________ , , l ,60 8,68 in inlet velocity in the tertiary stage cyclone separators Hydrogen Cone" MOL Percent“ 51_ 18 51_ 54 550 5&6 
ls less than 50 percent and this was mef?cient to collect ¥3V./h1i-/w.().i ...... -- -_- -. 0.2627 0.2870 0.314 0.284 
10 to 40 micron catalystparticles efficiently. With this 333,354.01, R3225“, "L05 ' L197 2'07 2'62 
arrangement in the plant, the 10 ercent by wei ht er- Tons Per Day- .............. -- 1.0 1.0 <0. 50 <0. 50 

. p g P Yields (Out ut) on Fresh Feed 
centage of 10to 40 micron catalyst was not maintained 20 C,’ mam,“ _________ __:_____ 129 M1 8.20 , 8.36 
in the circulating catalyst. 85. vglr. lPe1§eent_t_____ 4. 41 4. 73 6, 08 5. 71 
The dimension of Ducon cyclone separators referred p‘g’gaz'wff?vgjpe'rgi 6M8 65'” 67'7 67'5 

to above and to be referred to later are as follows, with Ht. Wt. Percent 011 RR. -69 1.74 79 1.76 
reference being made. to Figs. 3-5 of the drawings. jig 6332 4:35 ijéé 
The oil feed was v1rg1n naphtha having a boiling range 27-1 g-gg 3.49 

of about 200 to 350" F. The fluidized bed 36 in the ~ ~ '18 
reactor 10 was about 46.5’ deep and amounted to about 3-8 3% $5 
264 tons. The temperature, during regeneration was about ' ' ‘ 

1105 ‘’ F. The amount of catalyst in the dense ?uidized 54-32 84-9 96-7 
bed 9-8 in the regeneration zone 12 was about 35 tons. 30 

A D G H I R s 2 

Size ‘ Inside Inside Inside Inside 
Diameter Diameter 

The catalyst-to-oil weight ratio’ going to the reactor 10 
was about 1.65. The w./hr./w. in the reactor 10 was 
about 0.3. The total naphtha feed was about 16,000 
barrels per day. 
For the volume of hydroformate vapors and gases 

passing up into the dilute phase 42 in the reactor 10, the 
cyclone separators 46 and 56 forming the primary and 
secondary stages were Ducon Number 13-SDC and the 
third stage cyclone separator 66 was a smaller cyclone 
separator designed as Ducon Number 12-SDC as above 
noted. 
The regenerator 12 had a diameter of about 9’ 10" at 

its lower portion and the depth of the bed of catalyst in 
this bottom portion was about 17’ above the bottom. 
The straight side of the regenerator to the swage was 
about 20' and the height from the swage to the top of the 
straight side of the regenerator was 45'. Two sets of 
cyclone separators were arranged in the upper smaller 
diameter section of the regenerator vessel 12. 
The primary and secondary cyclone separatorsl05 

and 107 of each set in the regeneration vessel 12 are of 
the same size, namely, Ducon Number 61/: SDC (un 
lined) and the tertiary cyclone separator ,109 of each 
set- in the regeneration vessel 12 was smaller, namely, 
Ducon Number 5-SDC (unlined). The inlet velocity 
to primary and secondary cyclone separators 105 and 107 
was about 50 feet per second and the inlet velocity to 
tertiary cyclone separator. 109 in regenerator vessel 12 
was about 75 feet per second. 
The following data show that with the introduction of 

the smaller tertiary cyclone separator 109 as a substi 
tute for the previously used larger tertiary cyclone sep 
arators, increased recovery of 0 to 40 micron size catalyst 
particles was obtained and this resulted in more ef?cient 
operation of the hydroforming unit. ‘ ' 

45 

50 

55 

60 

65 

70 

75 

The data of Table 1 compares the ?uid hydroformer 
operation before and after the use of the subject inven 
tion. The ?rst two columns A and B report hydroform 
ing operations using equilibrium catalyst containing about 
3 percent by weight of 20-40 micron particles and the 
second two columns C and D report hydroforming data 
obtained in the same unit modi?ed to embody the in 
vention of this case. For columns A and B the primary, 
secondary and tertiary cyclone separators in the regen 
erator were the same size, namely, Ducon Number 61/2 
SDC-unlined, to give an inlet velocity of about 50 feet 
per second. 

Prior to'start the runs reported as C and D in Table 1, 
the tertiary cyclone separators were changed from a 
Ducon Number 61/2 to Ducon Number 5, both SDC-un-. 
lined—and this change in size increased the inlet velocity 
to each tertiary cyclone to about 75 feet per second. At 
this time similar changes in the tertiary cyclone sep 
arators on the reactor side were not made as a slurry 
return circuit was used to recover catalyst carryover 
from the reactor to the fractionator. While this speci?c 
example reports improved regeneration vessel catalyst 
recovery, the invention is also applicable to the reactor 
side where a smaller tertiary cyclone separator can be 
used to increase the inlet velocity to the cyclone sep 
arator by at least 50 percent and up to 200 percent to 
improve recovery of catalyst ?nes and to eliminate or 
reduce the need of the slurry return circuit. 

In this operation at least 9 percent by weight of 10 
to 40 micron catalyst particles were held in the hydro 
forming unit with the same severity of operation to ob 
tain about 97 octane number, clear, with a higher 05+ 
yield. These data show that improved operation and 
results were obtained with a lower hydroforming tem 
perature and higher product selectivity in that there is 
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about a 3 percent higher C5+ yield and a slightly lower 
carbon was indicated. 
The operations as indicated in columns C and D, ob 

tained during the period after the installation of the 
smaller tertiary cyclone separators, were subsequently 
improved as the ?nes concentration in the circulating 
catalyst increased due to attrition and improved reten— 
tion of ?nes in the system. Fresh catalyst make-up con 
tains approximately 15 percent by weight 10 to 40 mi 
cron particles and this also improved the operation be 
cause of better retention of ?nes. 7 
By using correlations to adjust for all operating vari 

ables, the net improvement in C5+ yield obtained with 
this invention is estimated at about 0.8 percent and in 
a plant of the aboversize is worth approximately $1200.00 
a day. 
Where three or more cyclone separators are used, the 

second cyclone separator may be smaller than the pri 
mary cyclone separator but it is essential that the ter 
tiary or terminal stage cyclone separator be selected so 
that the inlet velocity in the terminal stage is at least 50 
percent greater than that of the primary stage and may 
go up as high as 200 percent greater than that in the 
primary cyclone separator. _ 
The present invention is especially useful in recovery 

of expensive catalyst ?nes and it is also useful in elimi 
nating ?ne particles from fumes being discharged into 
the atmosphere to prevent pollution of the atmosphere. 

While Ducon cyclone separators have been speci?cally 
referred to, it is to be understood that the invention is 
not limited thereto as other cyclone separators such as 
Buell cyclone separators and the like may be used. 
The invention is also applicable and useful for sys 

tems employing only two cyclone separators in series. 
While ?uid bed reactors and regenerators have been 

speci?cally described and used, it is to be understood 
that the present invention has wider application and may 
be used in other processes as for example in hydrocare 
bon conversion processes using a transfer line reactor 
where the up?ow velocity through the reactor is about 
10 to 50 feet per second and piston ?ow'of the solids 
and hydrocarbons is obtained. The invention is useful 
in all ?uidized solids technique processes especially those 
using ?nely divided catalyst where it is important to 
retain at least 10 percent by weight of 10 to 40 micron 
size catalyst particles. 7 
The super?cial velocity of the gaseous ?uid passing 

up through the dense ?uid beds in the reactor and re 
gener'ator in the hydroforming operation may be be 
tween about 0.3 and 5 feet per second, the higher ve 
locities being used for the more active catalysts. 
What is claimed is: ' 
1. An apparatus of the character described including a 

vessel having an inlet and outlet for ?nely divided solids, 
an inlet and outlet for gaseous ?uid, said inlet for gaseous 
?uid being in the bottom portion of said vessel whereby 
gaseous ?uid passing upwardly through said vessel will 
carry entrained ?nely divided solids, a plurality of cyclone 
separators arranged in series and in the upper part of 
said vessel and each being provided with a dipleg and 
means associated with said last stage cyclone separator 
to increase the inlet velocity of the gaseous ?uid enter 
ing said last cyclone separator at least 50 percent greater 
than that of the ?rst stage cyclone separator. ' g p 

2. An apparatus of the character described including a 
vessel having an inlet and outlet for ?nely divided solids, 
an inlet and outlet for geaseous ?uid, said inlet for gaseous 
?uid being in'the bottom portion of said vessel whereby 
gaseous ?uid passing upwardly through said vessel will 
carry entrained ?nely divided solids, a plurality of cyclone 
separators arranged in series and in the upper part of 
said vessel and each being provided with a dipleg, and 
means including a line communicating with the inlet to 
said last stage cyclone separator to introduce extraneous 
gas'to said inlet whereby to increase'the inlet velocity of 

10 

15 

20 

25 

30 

40 

(55 

75 

12 
the gaseous ?uid entering said last stage cyclone separator 
at least 50 percent over that'of the inlet velocity of the 
?rst stage cyclone separator; 

3. In 'an apparatus including a vessel provided with 
means to maintain a dense ?uidized bed of solids in ‘said 
vessel including an inlet for a gaseous ?uid for upward 
passage through said vessel and cyclone separators in 
series for removing entrained solids from gaseous ?uid 
before it leaves said vessel and returning the recovered 
solids to the dense ?uidized bed, the improvement which 
comprises selecting a smaller cyclone separator as the last 
stage than used in the’ earlier stage to increase the inlet 
velocity of the gaseous ?uid into said smaller cyclone 
separator by at least 50% over that in a prior cyclone 
separator and effect separation of entrained ?nes and re 
turning them to said dense ?uidized bed in said vessel. 

4. A process for the catalytic conversion of hydrocar 
bons in the production of motor fuels which comprises in 
troducing hot ?nely divided catalyst having a particle size 
between about 0 and about 150 microns and with about 
at least 10 percent by weight of 10 to 40 micron size cata 
lyst particles into a conversion zone, introducing hot hy 
drocarbon vapors into the bottom portion of said conver 
sion zone at a velocity to provide a dense ?uidized bed 
having a dilute phase thereabove of a less dense gaseous 
?uid suspension, maintaining said conversion zone at a 
temperature between about 850° F. and 1000° F., sepa 
rating entrained solid catalyst particles from the vaporous 
reaction products leaving said dense ?uidized bed of cata 
lyst particles and effecting such separation in a plurality 
of centrifugal separation stages by passing all of the 
vaporous reaction products through all of said stages in 
series with the inlet linear velocity to 'said ?rst separation 
stage being at least about 50 feet per second, returning 
separated catalyst particles to said ?uidized bed and in 
creasing the inlet velocity of the vaporous reaction prod 
ucts entering said last separation stage by at least 50% 
over that in a prior separation stage to recover 10 to 40 

‘ micron catalyst particles and to maintain the selected per 
centage of 10—40 micron catalyst particles in said dense 
?uidized bed and removing a single stream of substantial 
ly denuded vaporous reaction products from said con 
version zone. 

5. A process for the catalytic hydroforming of hydro 
carbons in the production of motor fuels which comprises 
introducing into a conversion zone hot ?nely divided 
catalyst having a particle size between about 0 and about 
150 microns and with about at least 10 percent by weight 
of 10 to 40 micron size catalyst particles, introducing hot 
hydrocarbon vapors and hydrogen-containing gas into the 
bottom portion of said conversion zone at a velocity to 
provide a dense ?uidized catalyst bed having a dilute 
phase thereabove of a less dense gaseous ?uid suspension, 
maintaining said conversion zone at a temperature be 
tween about 850° F. and 1000° F. and at a pressure be 
tween about 100 and 750 p.s.i.g., separating entrained 
solid catalyst particles from the vaporous hydroformed 
products leaving said dense ?uidized bed of catalyst par 
ticles and effecting such separation in a plurality of cen 
trifugal separation stages, returning separated catalyst 
particles to said ?uidized bed and increasing the inlet ve 
locity of the vaporous hydroformed products entering 
said last separation stage by at least 50% over that in a 
prior separation stage to recover 10 to 40 micron catalyst 
particles andto maintain a substantial percentage of 0-40 
micron catalyst particles in said dense ?uidized bed. 

6. A process for the catalytic conversion of hydrocar 
bons in the production of motor fuels which includes the 
improvement which comprises introducing hot carbonace 
ous contaminated ?nely divided catalyst having a particle 
size between about 0 and about 150 microns and with at 
least about 10 percent by weight of 10 to 40 micron size 
catalyst particles into a regeneration zone, introducing air 
into the bottom’ portion of said regeneration zone at a 
velocity to provide a dense ?uidized bed having a dilute 
phase thereabove of a less dense gaseous ?uid suspension, 



2,954,494 
13 

maintaining said regeneration zone at a temperature be 
tween about 1000° F. and 1200° F., separating entrained 
solid catalyst particles from the gaseous combustion prod 
ucts leaving said dense ?uidized bed of catalyst particles 
and effecting such separation in a plurality of centrifugal 
separation stages, returning separated catalyst particles to 
said ?uidized bed and increasing the inlet velocity of the 
vaporous reaction products entering said last separation 
stage by at least 50% over that in a prior separation stage 
to recover 10 to 40 micron catalyst particles and main 
tain the desired percentage of 10-40 micron catalyst par 
ticles in said dense ?uidized bed in said regeneration zone. 

7. A process for contacting gaseous ?uid with ?nely 
divided solids mostly in the size range of 0 to 150 microns 
and wherein it is essential to maintain at least about 10 
percent by weight of 0 to 40 micron solids in the solids to 
insure proper ?uidity of the ?nely divided solids, which 
comprises maintaining two contacting zones with ?uidized 
beds of solids in the lower portion thereof, introducing 
and withdrawing gaseous ?uid and ?nely divided solids 
into and from each of said contacting zones, circulating 
?nely divided solids between said zones, centrifugally 
separating entrained solids from gaseous ?uid in stages 
before it leaves said contacting zones and returning such 
separated solids to said ?uidized beds in said contacting 
zones, and increasing the inlet velocity of the gaseous 
?uid to said last separation stage of at least one of the 
contacting zones to be about at least about 50 percent 
greater than that in said ?rst separation stage of said last 
mentioned zone to eifectively separate 10-40 micron solids 
for return to the process. for maintaining at least the se 
lected amount of 10-40 micron solids in said ?uidized 
beds and circulating solids. 

8. An apparatus for contacting ?nely divided solids of 
a size between about 0 and 150 microns and having at 
least 10 percent by Weight of 10 to 40 micron solids, in 
cluding two contacting vessels, means for introducing and 
withdrawing ?nely divided solids into and from said ves 
sels, means for circulating ?nely divided solids between 
said vessels, means for maintaining ?uidized dense beds 
in said vessels which includes lines for introducing ?uid 
izing gas into ‘the bottom portion of said vessels, means 
in the upper portion of said vessels for separating en 
trained solids from gaseous ?uid before it leaves said 
vessels, said last mentioned means including centrifugal 
separation stages in each vessel, the last separation stage 
in at least one vessel being selected to increase the inlet 
linear velocity of the gaseous ?uid therein at least 50 per 
cent over that in an earlier separation stage to effectively 
recover 10-40 microns and maintain the desired percent 
age of 10-40 micron material in the apparatus. 

9. In a process for the catalytic ?uid hydroforming of 
hydrocarbons wherein ?nely divided catalyst is circulated 
between a hydroforming zone and a regeneration zone 
each containing a dense ?uidized bed of catalyst particles 
having a particle size between about 0 and 150 microns 
with most of the particle sizes being between about 20 and 
80 microns and in which it is necessary to maintain at 
least about 10% by weight of 0 to 40 micron size particles 
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14 
and a plurality of cyclone separator stages are used in 
the upper portion of each zone to separate entrained 
solids from gaseous ?uids leaving said dense beds, the 
improvement which comprises increasing by at least about 
50% the inlet velocity of the gaseous ?uid entering said 
last cyclone separation stage of at least one zone as com 
pared to the inlet velocity of a prior cyclone separation 
stage to recover 0-40 micron size particles and return 
them to the dense ?uidized bed in said zone to maintain 
the desired percentage of 0-40 micron size catalyst in 
the dense bed of catalyst in said zone. 

10. A process according to claim 9 wherein said zone 
is said regeneration zone. 

11. A process according to claim 9 wherein said cy 
clone separation stages include three stages. 

12. A process according to claim 9 wherein the inlet . 
velocity of said last cyclone separation stage is between 
50% and 200% greater than that in said ?rst cyclone 
separation stage. 

13. A process for removing ?nes from gaseous ?uids 
which comprises passing solids laden gaseous ?uid through 
a plurality of cyclone separators in series and increasing 
the inlet velocity of the terminal stage cyclone separator 
at least 50% over that of the primary cyclone separator. 

14. A process according to claim 13 wherein said 
cyclone separators are arranged in a vessel containing 
?nes suspended in gaseous ?uid. 

15. A process according to claim 13 wherein the inlet 
velocity to said ?rst cyclone separator is at least about 50 
feet per second. 

16. A process for contacting gaseous ?uid with ?nely 
divided solids mostly in the size range of 0 to 150 mi 
crons and wherein it is essential to maintain at least about 
10 percent by weight of, 0 to 40 micron solids in the 
solids to insure proper ?uidity of the ?nely divided solids, 
which comprises maintaining a ?uidized bed of solids in 
the lower portion of a contacting zone, introducing and 
withdrawing gaseous ?uid and ?nely divided solids into 
and from said contacting zone, centrifugally separating 
entrained solids from gaseous ?uid in stages after the 
gaseous ?uid leaves said ?uidized bed of solids, recovering 
the solids so separated and returning them to the process, 
and increasing the inlet velocity of the gaseous ?uid to 
said last separation stage to be about 50% greater than 
that in said ?rst separation stage to eifectively separate 
10-40 micron solids for return to the process for main 
taining at least the selected amount of 10-40 micron 
solids in said ?uidized bed. 
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